In this first paper in a series we present an atlas of infrared images and photometry from 1.2 to 180 lm for a sample of bright spiral galaxies. The atlas galaxies are an optically selected, magnitude-limited sample of 77 spiral and S0 galaxies chosen from the Revised Shapley-Ames Catalog (RSA). The sample is a representative sample of spiral galaxies and includes Seyfert galaxies, LINERs, interacting galaxies, and peculiar galaxies. Using the Infrared Space Observatory (ISO), we have obtained 12 lm images and photometry at 60, 100, and 180 lm for the galaxies. In addition to its imaging capabilities, ISO provides substantially better angular resolution than is available in the IRAS survey, and this permits discrimination between infrared activity in the central regions and global infrared emission in the disks of these galaxies. These ISO data have been supplemented with JHK imaging using ground-based telescopes. The atlas includes 2 and 12 lm images. Following an analysis of the properties of the galaxies, we have compared the mid-infrared and far-infrared ISO photometry with IRAS photometry. The systematic differences we find between the IRAS Faint Source Catalog and ISO measurements are directly related to the spatial extent of the ISO fluxes, and we discuss the reliability of IRAS Faint Source Catalog total flux densities and flux ratios for nearby galaxies. In our analysis of the 12 lm morphological features we find that most but not all galaxies have bright nuclear emission. We find 12 lm structures such as rings, spiral arm fragments, knotted spiral arms, and bright sources in the disks that are sometimes brighter than the nuclei at mid-infrared wavelengths. These features, which are presumably associated with extranuclear star formation, are common in the disks of Sb and later galaxies but are relatively unimportant in S0-Sab galaxies.
INTRODUCTION
One of the major results from the advent of infrared astronomy is the discovery that the central regions of many spiral galaxies emit a dominant fraction of their bolometric luminosities in the infrared. The underlying energy source for this '' infrared activity '' in most cases is inferred to be a recent burst of star formation, with the luminosity of the massive, young stars absorbed by dust and reradiated in the infrared. Although it is now widely recognized that interactions between galaxies often play a role in triggering such infrared activity (Joseph et al. 1984) , after more than two decades we still have quite incomplete understanding of the phenomenology of infrared activity in galaxies. It is not clear how such activity is triggered in noninteracting galaxies, whether it is always triggered by interactions, what the ranges of frequency and luminosity are for infrared activity in an unbiased sample of spirals, or how such activity varies along the Hubble sequence. As a result, we have no baseline understanding of infrared activity in '' normal '' spiral galaxies against which to compare to pathological classes such as ultraluminous infrared galaxies or galaxies at higher redshifts.
Therefore, it seems quite important to carry out a large study of an unbiased sample of spirals to see if some definitive answers to these questions can be found. This survey is necessary for determining the ranges of star formation and infrared activity, the characteristics of star formation, and the mechanisms that trigger star formation in normal spiral galaxies. We have carried out such a survey using the unprecedented angular resolution, sensitivity, and imaging capability offered by the Infrared Space Observatory (ISO) (Kessler et al. 1996) .
Early ground-based surveys of unbiased samples of bright spiral galaxies at 10 lm were undertaken by Rieke & Lebofsky (1978) and Scoville et al. (1983) . A shortcoming of both of these surveys was that only a minor fraction of the sample was actually detected, as a result of the limited sensitivity of ground-based photometry in the thermal infrared.
The advent of the IRAS survey, with its detections of many thousands of infrared bright galaxies, provided material for further investigations of infrared activity in galaxies. Most of the ensuing studies of galaxy samples are based on infrared-selected samples, most commonly the IRAS 60 lm flux density. However, de Jong et al. (1984) chose an optically selected sample of galaxies from the Revised ShapleyAmes Catalog (RSA) and investigated the IRAS photometric properties. Rice et al. (1988) published a catalog of images of 85 large galaxies with blue isophotal diameters greater than 8 0 , with the images reconstructed from the IRAS scans.
ISO has the potential to provide a new perspective on infrared activity in the centers of spiral galaxies. The sky survey mission of IRAS, and the infrared detector technology of that era, required scanning with rather large apertures, while ISO was able to point and integrate using detector arrays with much smaller pixels. For example, at 12 lm, the ISO mid-infrared camera, ISOCAM, provided a scale of 3 00 pixel À1 . At 60 and 100 lm, the ISO photometer, ISOPHOT, offered 45 00 pixels over a 135 00 field. This provides more sensitivity and better ability to distinguish unambiguously between nuclear emission and emission from the disks of spiral galaxies. ISO also offers an extended wavelength range beyond the 100 lm IRAS limit. Since the spectral energy distributions (SEDs) of galaxies in the IRAS data are generally still rising at 100 lm, the 180 lm photometry provided by ISO permits much better determination of the SEDs and color temperatures of spiral galaxies in the far-infrared.
Related mid-infrared surveys of spiral galaxies based on ISO observations include Dale et al. (2000) and Roussel et al. (2001) . Both of these surveys had rather different scientific objectives and therefore employed galaxy samples that are neither unbiased, complete, nor magnitude limited, nor do they include ISO measurements at wavelengths longer than $15 lm.
This paper is the first of three papers dealing with this sample. It includes a thorough discussion of the sample, the observations, the data processing, a comparison of the data to IRAS data, and a discussion of the images and the spatial distribution of the infrared flux. The second paper will discuss star formation along the Hubble sequence, using the mid-and far-infrared fluxes normalized by the K-band fluxes as star formation indicators. The third paper will discuss dust temperatures as determined from the far-infrared data in this paper and additional submillimeter data.
THE SAMPLE

Selection Criteria
The galaxies observed in this study are an optically selected complete sample selected from the RSA, which contains 1246 galaxies and is complete to B $ 13 (Sandage & Tammann 1987) . Galaxies designated as members of the Virgo Cluster in Binggeli, Sandage, & Tammann (1985) were excluded. (Virgo Cluster galaxies were observed in a separate ISO program by Tuffs et al. 2002.) A list of the remaining spirals, including S0, with apparent blue magnitudes B T 12 was made, and then from these 323 spirals, two lists of galaxies observable at either an autumn or spring launch were identified and submitted to ISO Mission Planning. In the event 77 galaxies were observed before the guaranteed time in the ISO Central Programme for this project was exhausted. The 77 galaxies observed are representative of the total sample, as discussed below. Table 1 lists all of the galaxies in the atlas as well as additional information on galaxy morphology and activity. When classifying galaxies for morphological studies, we used the Third Reference Catalogue of Bright Galaxies (RC3; de Vaucouleurs et al. 1991) . The RC3 relies purely on morphological characteristics, such as the bulge/disk ratio and the tightness of the spiral arms, to classify galaxies. The symbols used in the header for Table 1 are defined in RC3. For comparison, however, we are also including morphological information as well as apparent magnitudes from RSA.
Sample List
We also present in Table 2 arm class information from Elmegreen & Elmegreen (1987) , nuclear activity from Ho, Filippenko, & Sargent (1997) , distances from the Nearby Galaxies Catalog (Tully 1988) , and other notes on the galaxies' morphology, nuclear activity, and environment. (Note that the nuclear activity classifications are based strictly on optical line ratios.) Since this is a representative sample of spiral galaxies, the sample contains a number of Seyfert galaxies, LINERs, starburst galaxies, a few interacting galaxies, and a few galaxies that are otherwise classified as peculiar. This is not meant to be a sample of normal spiral galaxies but a representative sample of spiral galaxies that includes active and disturbed objects.
We present the range of morphological features in our sample in Table 3 . In addition, we also show the distribution of Hubble types and distances in Figures 1, 2 , and 3. These tables and figures show that we do have some minor biases in our sample. Table 3 and Figure 1 show that, according to RC3 classifications, over half of the galaxies in our sample are Sbc-Scd, one-third of the galaxies are Sb or earlier, and 1/10 of the galaxies are later than Sd. This trend is actually similar to the trends in Hubble types for all galaxies in the RSA. Figure 2 shows a comparison of the Hubble types of galaxies in the sample to all galaxies in RSA using RSA classifications. The figure shows that the sample does have a slightly larger number of Sc galaxies relative to S0 and Sa galaxies than would be expected for all galaxies in RSA. The numbers of strongly barred, weakly barred, and unbarred galaxies in Table 3 demonstrate that the ISO atlas does have representative numbers of each type.
Except for a spike between 5 and 10 Mpc and a slight dip between 10 and 15 Mpc, the atlas galaxies have a smooth distribution of distances up to 30 Mpc as shown in Figure 3 . The 5-10 Mpc spike represents eight galaxies from the same group in the Coma-Sculptor cloud (see Tully 1988) . The dip seems to be simply a statistical fluctuation. These biases in distances should not affect our study of infrared activity or star formation activity in these galaxies, although it may present difficulty when generating a luminosity function from these data. The sample was observed at 60, 100, and 180 lm using PHT-C far-infrared camera (Lemke et al. 1996) . The C100 3 Â 3 pixel array, with 43>5 pixels, was used to obtain images at 60 and 100 lm, and the C200 2 Â 2 pixel array, with 90 00 pixels, was used to obtain 180 lm photometry. At 60, 100, and 180 lm, the resolution for ISO is 50 00 , 84 00 , and 150 00 , respectively. The exposure in each filter was 16 s, with equal time on-target and at a nearby sky position. The sky positions were chosen by using the IRAS infrared sky maps produced by the Infrared Processing and Analysis Center to find reference positions that were optimum for subtracting out infrared background from the target images.
Images at 12 lm were obtained using the ISO infrared camera, ISOCAM (Cesarsky et al. 1996) , with the LW10 filter, which is identical to the 12 lm IRAS filter. An imaging scale of 3 00 pixel À1 was selected, and the diffraction-limited resolution in the images was $4 00 . The on-target integration time was 396 s in most cases. The observations were made in a microscan raster mode. The telescope pointed at a total of 12 positions in a 6 Â 2 pattern with raster step sizes of 15 00 and 10 00 . This produced a total scanned region of 171 Â 106 arcsec 2 .
The total observing time in the ISO Central Programme allocated to this project was about 27 hr. In this time 74 galaxies were observed, and data for four more were obtained in the ISO Supplementary Time. The TDT numbers for the observations are given in Table 4 .
ISOPHOT Data Reduction
The data were reduced using general batch processing with ISOPHOT Interactive Analysis (PIA) 8.0 (Gabriel et al. 1997; Laureijs et al. 2000) . 14 Since it took the ISOPHOT Fig. 3. -Histogram of distances in megaparsecs from Tully (1988) for the galaxies in the sample. Note that the classifications are based strictly on optical line ratios and that not all galaxies have been classified.
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- (1 detectors some time to stabilize, we discarded the first 25% of the data. We used ramp linearization and the two-threshold method for ramp deglitching. We applied the reset interval correction, subtracted the dark current, and linearized the signal. We used the Fine Calibration Source 1 responsivities in PIA to photometrically calibrate the data. The output from PIA 8.0 was then further processed following a method similar to that used by Radovich et al. (1999) . First, we subtracted the off-target flux from the ontarget flux. Then, for the 60 and 100 lm data, we performed a correction so that we could separate flux densities for central sources from flux densities for extended sources. We assumed that each galaxy consisted of a point source centered on the array ( f c ) and a smooth, extended source that is homogeneously distributed throughout the inner 135 00 ( f e for the whole aperture). The measured flux density f m in the central pixel will be
and the measured flux density in the entire array will be
where A 45 and A 135 , tabulated in Table 5 , are the fractions of the point-spread function falling within the 45 00 and 135 00 apertures, respectively (Laureijs 1999) . 15 Solving this for f c gives
Solving for f e gives
These formulae can then be applied to calculating the true flux densities f t within 45 00 and 135 00 :
The only galaxy for which this analysis was not used is NGC 55, where the emission is so extended that this analysis fails. Instead, the reported flux densities assume that the source consists of only an extended component.
ISOCAM Data Reduction
ISOCAM data reduction was performed in two steps. In the first step, the data were processed with ISOCAM Interactive Analysis (CIA) 3.0 (Ott et al. 1997; Blommaert et al. 2001) . 16 The data were processed with the model dark current subtraction and the '' tcor '' deglitching routine followed by manual glitch removal (deglitching routines other than '' tcor '' were used for objects that were either very faint or very bright). In a few galaxies, some pixels in individual frames had excessive hysteresis from bright mid-infrared nuclear emission. These pixels on which the bright nuclei appeared were masked in the frames following. The masks for deglitching and hysteresis correction were then saved.
After these steps, we used the CIR data processing software, an implementation of the algorithms of Starck et al. (1999) realized by P. Chanial. First the data, along with the deglitching mask from CIA, were read into the CIR environment. Then the '' correct_dark_vilspa '' routine was applied to correct for the dark current. This first applied the Biviano and Sauvage dark correction, then a second-order correction dependent on the detector temperature and time since activation, and finally a short drift correction. This was followed by applying the deglitching masks to remove the glitches in the maps (although in the few galaxies without any manual deglitching in CIA, the '' correct_- glitch_mr '' routine was applied). Next, the '' correct_tran-sient_fs '' routine, based on the Fouks-Schubert transient correction method (Coulais & Abergel 2000) , was applied to the data to remove transient effects. Then all frames from the first pointings were masked because the corrections are imperfect at the beginnings of the observations, and a 2 pixel border around each frame was masked because of poor flat-fielding for these pixels. The frames were flatfielded using CIR's library flat field, and the images were combined to produce a final image. The final images were converted to mJy pixel À1 and written to fits files. The observing techniques used were identical for all observations. The observations consisted of a four-point dither pattern, with alternate frames taken off-source to measure sky emission. The offset between the on-target frames was 5 00 . Flux standards from the UKIRT faint source standards (Hawarden et al. 2001) were observed with either a method identical to the galaxy observations or a fourpoint dither pattern with no offset for sky subtraction (using the four frames with the standard star removed by median filtering for subtracting sky emission). These stars were observed at air masses both near the air mass of the target and at high air masses.
JHK Photometry
Data Reduction
The off-target frames were median combined to produce a background frame that was then subtracted from each individual on-target frame. The four on-target frames were then median combined to form a final image. Regions not overlapping were removed. The data for the flux standards were processed the same way.
The flux standards were used to create conversion factors for converting counts into fluxes as a function of air mass. These conversion factors were then applied to the uncalibrated galaxy images to produce flux-calibrated images. To check the reliability of these conversion factors, a conversion factor calculated from two flux standard observations was applied to a third. The flux of the standard in the third observation was checked to make sure it did not deviate from those given by Hawarden et al. (2001) . This check demonstrated that the flux calibration was good to about 0.2 mag. Table 6 gives the 60 and 100 lm fluxes for the central and extended sources, and Table 7 gives the far-infrared flux densities measured within various apertures. The accuracy for these measurements, which is limited by the accuracy of the calibration, is 20% . 17 Also included in Table 7 are total far-infrared flux densities calculated from the ISO data. For comparison, far-infrared flux densities and total far-infrared fluxes calculated from data in the IRAS Faint Source Catalog (FSC; Moshir et al. 1990 ) are included in Table 8 .
We determined the relation between the fluxes we measured with ISOPHOT at 60, 100, and 180 lm and the total far-infrared flux by finding a linear relationship between the two sets of values. (For calculating these total fluxes, we assume that the 180 lm fluxes from within 180 00 correspond to the same sources as those producing the 60 and 100 lm fluxes within 135 00 .) First, we generated blackbodies with temperatures ranging from 20 to 40 K with dust emissivities proportional to Àn , where n ranged from 0 to 2. For each blackbody, we calculated the total integrated flux between 40 and 220 lm as well as the total flux that would be measured within the three ISO bands that we observed. We then found a least-squares fit between the total blackbody energy and the three ISO bands. The equation giving the relation is
where
and
with F FIR , F 60 , F 100 , and F 180 representing flux in units of W m À2 and f 60 , f 100 , and f 180 representing flux densities in units of Jy. This analysis follows a similar process described by Fullmer & Lonsdale (1989) for calculating total far-infrared fluxes from IRAS data. Figure 4 demonstrates how a 30 K blackbody with varying emissivity functions is sampled by this wave band. 
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and F 100 ¼ ð1:00 Â 10 À14 Þf 100 ; ð13Þ with the symbols representing the same quantities as those above, except the variables are IRAS flux measurements rather than ISO flux measurements. These formulae were derived in Fullmer & Lonsdale (1989) .
Range of Far-Infrared Luminosities
Figure 5 presents a histogram of the total far-infrared luminosities of the galaxies in the sample as measured by ISO. The atlas contains no galaxies with a total far-infrared luminosity larger than 10 11 L or less than 10 7 L . The upper limit represents the rarity of nearby luminous farinfrared objects, and the lower limit represents the rarity of faint far-infrared objects. The effects of Malmquist bias are also evident in the plot.
Comparisons between ISO and IRAS Photometry
For a sanity check of the reduction and calibration procedures we compared 60 and 100 lm flux densities from ISO and IRAS. Measurements from the IRAS FSC seemed the best to compare with our data since the IRAS measurements were generally on a spatial scale similar to the ISOPHOT 135 00 aperture. There are both IRAS and ISO data for 64 of the 77 atlas galaxies, and these were used for the following comparisons.
Aside from comparing the ISO flux densities with IRAS FSC flux densities, we also compared the ISO measurements to the results reported in Rice et al. (1988) , Soifer et al. (1989) , and Helou & Walker (1988) . These catalogs all contain flux densities that are integrated over the disks of the galaxies, which can exceed 10 0 in diameter. In contrast, our data only cover the inner 2<25 of the galaxies. Therefore, for galaxies that are very extended, we only measure a fraction of the flux densities reported in these other catalogs. Therefore, we will concentrate on the flux densities reported in the FSC, where the apertures are comparable in size to the ISO apertures.
We have found that comparisons at 60 lm demonstrate a different effect than comparisons at 100 lm. Therefore, we will deal with each wave band separately.
Comparison of 60 lm Data
Both IRAS and ISO 100 lm flux densities are available for 65 of the 77 atlas galaxies. The results of the 60 lm comparison group into five categories. These categories are based on the ratio of flux densities detected by IRAS to the flux densities detected by ISO within the 135 00 aperture. For three galaxies, the IRAS flux densities are more than twice as large as those detected by ISO. This is easily understood, since all three galaxies (NGC 55, NGC 4236, and Fig. 5. -Histogram of the logarithm of far-infrared luminosities (in L ) for the galaxies in the sample. The luminosities were calculated using the ISO total far-infrared fluxes in Table 7 and the distances from Tully (1988) (in Table 2 ). NGC 4395) are highly extended objects with relatively small nuclear emission at all wavelengths. The 4<75 Â 1<5 IRAS detector could have easily detected emission from bright extended regions outside the 2.25 arcmin 2 area observed by ISO.
For 20 galaxies, IRAS flux densities were up to 30% larger than those from ISO. In another 20 galaxies, the IRAS flux densities were as much as 25% smaller than those from ISO. Since the errors of the ISOPHOT measurements are 20% and the errors of the IRAS measurements are typically 5%-15%, this range of differences is within the errors, particularly when the different aperture sizes are taken into account. In other words, 37 of the 64 galaxies have similar flux densities within the errors.
For 12 galaxies IRAS measured 50%-75% of the total 60 lm flux density measured by ISO. In these cases, simple measurement errors cannot explain the differences between the IRAS and ISO measurements. The difference might be an effect of the different aperture shapes that IRAS and ISO have. IRAS had a 4<75 Â 1<5 detector, whereas the C100 array in ISOPHOT covers a 2<25 square region. If an object were to be scanned by IRAS in a direction roughly perpendicular to its major axis, we would expect the FSC calculations to give a flux of roughly half that of our ISOPHOT measurements. This would be particularly true for extended, edge-on galaxies. However, we used XSCANPI to examine how IRAS scanned these galaxies, and we found that some of these 12 galaxies were scanned with the IRAS detector aligned along the galaxies' major axes. Another explanation for the difference is needed.
For another 10 galaxies IRAS measured less than 50% of the total 60 lm flux densities measured by ISO. This can no longer be attributed to aperture effects, since such effects could produce errors of approximately 50% at the most.
Examination of the latter 22 galaxies shows that the ratio of the IRAS to ISO measurements is related to the central concentration of the fluxes. We measure the degree of central concentration at 60 lm by computing the ratio of the flux density for the central source to the total flux density 
This spatial distribution indicator will be increasingly larger for more centrally concentrated sources. In Table 9 we compare the IRAS-ISO flux ratio with the central concentration ratio. The galaxies for which the ISO and IRAS measurements agree, within the errors, are generally galaxies in which over half of the total ISO 60 lm flux density comes from the galaxies' nuclei. The galaxies that are more diffuse and extended are those for which IRAS detected less than half of the 60 lm flux density.
These results can be understood from the methods used to measure the IRAS and ISO fluxes. The IRAS 60 lm detector had an aperture 4<75 Â 1<5 and scanned the sky in a direction perpendicular to this rectangular aperture, whereas the ISO detector was 2<25 Â 2<25. The algorithm used in the FSC to interpret IRAS data used a point-source filter and set a baseline for the background. This works very well for compact sources, but if the object is diffuse and extended, the algorithm may set the baseline at the level of the extended emission. For the ISO measurements the background flux was measured from a nearby, off-target field. This gives a more reliable measurement of the total flux from diffuse, extended sources as well as from centralized, pointlike sources. In summary, if the 60 lm emission is centrally concentrated, ISO and IRAS measure approximately the same flux density; if the emission is less concentrated, the ISO aperture measures a larger fraction of the flux density.
Comparison of 100 lm Data
Both IRAS and ISO 100 lm flux densities are available for 61 of the 77 atlas galaxies. As above, the flux densities reported in the IRAS FSC were compared with the flux densities detected within the 135 00 ISOPHOT aperture. For 20 galaxies, the IRAS flux densities are up to 25% larger than the ISO flux densities. For an additional 15 galaxies, the IRAS flux densities are up to 25% smaller than the ISO measurements. Since the errors of the ISOPHOT measurements are 20% and the errors of the IRAS measurements were typically between 5% and 15%, the ISO and IRAS measurements for these 39 galaxies agree within the errors.
For 21 galaxies, the IRAS fluxes were more than 25% larger than the ISO fluxes. For three of these 21 objects, IRAS detected over twice as much flux as ISO. These results can be understood since the IRAS 100 lm detector covered a much larger area of the sky (5 0 Â 3 0 ) than the ISO C100 array (2<25 Â 2<25).
For five galaxies, IRAS measured less than 75% of the total flux density measured by ISO. This is more difficult to understand, since the IRAS aperture is plainly larger than the ISO aperture. However, the flux densities for each of these five galaxies were also undermeasured by IRAS at 60 lm. This suggests that the algorithm for producing the FSC set too high a background flux baseline in measuring the total fluxes from these galaxies at 100 lm.
Again, we examine these results in terms of the central concentration of flux given by the ratio of the flux density from the central source to that for the 135 00 aperture:
Rð100 lmÞ ¼ f c;100 f e;100 þ f c;100
: ð15Þ Table 10 shows the trend. Unlike the behavior of the 60 lm flux densities, objects with less centrally concentrated 100 lm emission have larger IRAS flux density measurements than the corresponding ISO measurements. This is consistent with the larger 100 lm IRAS aperture compared to ISO. For the more compact galaxies, IRAS and ISO measure similar fluxes at 100 lm, but for less centrally concentrated galaxies IRAS measures larger fluxes. In the five cases in which the IRAS 100 lm were lower than those from ISO and the emission is centrally concentrated, we suspect poor background subtraction in the IRAS processing.
Comparison of Total Far-Infrared Fluxes
In this comparison the aim is to take advantage of the wider spectral coverage provided by ISO and to compare the resulting fluxes over the 40-220 lm band with the fluxes calculated for the 40-120 lm band using IRAS FSC data. The measurements in Tables 7 and 8 show that the ISO flux measurements, which are calculated for a 40-220 lm wave band, are approximately 30% higher than the IRAS FSC flux measurements that are calculated for a 40-120 lm wave band, although the ISO fluxes are sometimes equal to the IRAS fluxes and sometimes twice the IRAS fluxes. This demonstrates that approximately 30% of the far-infrared flux comes from wavelengths longer than 120 lm. The ratio of the ISO to IRAS fluxes does vary based on how well the 60 and 100 lm flux measurements match. However, even in cases in which the 60 and 100 lm flux measurements match, the difference is still significant.
This demonstrates the importance of measurements beyond 100 lm for determining the total far-infrared fluxes. In our third paper, we will also discuss the necessity of lon- ger wavelength measurements in calculating dust temperatures.
Implications for the Interpretation of IRAS Data
The IRAS FSC flux densities have been the principal farinfrared data relied upon for many investigations of the farinfrared properties of galaxies, including calculations of luminosity functions and studies of trends in star formation activity. What does the comparison with the pointed ISO measurements show about the reliability of the flux densities extracted from the IRAS FSC data?
The first conclusion is that for $60% of the atlas sample the IRAS FSC results agree with the pointed ISO measurements. Second, when there are discrepancies, in $40% of the cases, they tend to occur in galaxies where the infrared flux is more spatially extended; for these IRAS does not measure the full emission from the galaxy at 60 lm. This effect will be most pronounced for nearby galaxies, such as this sample of bright galaxies.
A third concern is the effect on calculating dust temperatures from IRAS FSC data. The IRAS 60 and 100 lm detectors, with their different aperture sizes, produce significantly larger ratios of the 60 to 100 lm fluxes than are measured with ISOPHOT for one fixed aperture at both wavelengths. This suggests that far-infrared colors and dust temperatures based on IRAS measurements should be treated with some caution, especially for larger, nearby galaxies. Table 11 gives the mid-infrared flux densities measured with ISOCAM within three circular apertures of diameter 15 00 , 45 00 , and 135 00 . The 45 00 and 135 00 apertures correspond to the central pixel diameter and full array diameter for the C100 array in ISOPHOT. The 15 00 diameter corresponds to a diameter in an integer number of pixels that is wider than 3 times the FWHM of the point-spread function in the ISO-CAM images. The fluxes were calculated after subtraction of a background flux measured from two off-target regions within the images. These off-target areas were selected to be in relatively empty regions on opposite sides of each image. Note that the 135 00 aperture extends off the image, where we have no measured flux. We have chosen to measure only the flux in the image; we do not extrapolate off the image to estimate the true flux within the 135 00 aperture. Also included in Table 11 are 12 lm fluxes from the FSC.
Mid-Infrared Photometry
Mid-Infrared Flux Densities
The uncertainties in the fluxes in Table 11 are chiefly due to two sources. First, we estimate that the calibration of the data is good to within 10% (Cesarsky & Blommaert 2000) . 18 Second, we have uncertainties in estimating the background flux density that we subtract from the images. This second error is treated like a systematic error over the entire aperture where the flux measurement is made. Note that the error in background measurement leads to a situation in which some sources are detected in 15 00 apertures but not in 135 00 apertures; the larger aperture adds noise to the data but may contain no additional signal, leading to the decrease in the signal-to-noise ratio of the measurements.
Comparison of ISO and IRAS Mid-Infrared Data
As above, we compared the flux densities within a 135 00 aperture to the flux densities reported in the IRAS FSC. The FSC reports 12 lm measurements for 47 of the atlas galaxies, as well as upper limits for 20 additional galaxies. Because the circular aperture we used differs from the 4:45 Â 0:76 arcmin 2 IRAS aperture, the measurements may not necessarily agree well unless the sources are relatively compact. We also looked at IRAS data from catalogs that integrated fluxes over the disks of the galaxies (Rice et al. 1988; Soifer et al. 1989; Helou & Walker 1988) . However, as with the 60 and 100 lm flux densities, the 12 lm flux densities from these catalogs were much higher than our measurements. We therefore concentrated on comparing our data with the FSC.
For 25 of the 47 galaxies, the IRAS and ISO fluxes agree within the errors. For the 20 galaxies in which the FSC lists an upper limit, the ISO measurements are either similar to or less than the quoted FSC upper limits.
For nine galaxies, the IRAS measurements are larger than the ISO measurements. This could be because some of the mid-infrared emission from these galaxies was covered by the IRAS aperture but not the ISOCAM array. Most of these galaxies have very large optical diameters, and the mid-infrared emission from some of these galaxies clearly extends beyond the regions in the ISOCAM images (as for NGC 5055 and NGC 5247).
For 13 galaxies, the IRAS measurements are smaller than the ISO measurements. This could be the result of differences in the aperture sizes. If the rectangular IRAS aperture were oriented perpendicularly to the major axis of the galaxy but parallel to the rectangular ISO image, more flux would have fallen into the ISO image than into the IRAS aperture. All 13 of these galaxies have significant emission from regions outside their nuclei that falls mostly within the ISOCAM image, so this explanation is plausible.
Despite the different aperture sizes, there is generally very good agreement in the 12 lm measurements for galaxies that were detected by IRAS and ISO. The major difference is that IRAS reliably detected only about half the sample.
JHK Photometry
The JHK photometry is given in Table 12 for all galaxies with a declination north of À50
. The flux densities are tabulated for three apertures of diameter 15 00 , 45 00 , and 135 00 . These apertures were selected to correspond to the apertures where we calculated flux densities from ISOPHOT and ISO-CAM.
THE MORPHOLOGY OF MID-INFRARED EMISSION
The 12 lm images (Figs. 6-80) show the distribution of hot dust emission and polycyclic aromatic hydrocarbon (PAH) emission from these galaxies. In cases in which the emission is faint, particularly compared to the K-band emission, the emission is probably dominated by the PAH lines. In cases in which the emission is strong, the emission is more likely to be dominated by hot dust heated by star formation regions. The morphologies vary radically among the galaxies in this sample, with the most obvious differences seen when comparing early-and late-type galaxies. 
S0 Galaxies
Almost all of the mid-infrared emission from S0 galaxies (as well as the elliptical galaxies accidentally included in this sample) comes from the galaxies' nuclei. NGC 4203, NGC 4984, NGC 5087, NGC 5102, and NGC 5838 all have no well-defined mid-infrared structures outside of their nuclei. Similarly, the image of the elliptical galaxy NGC 4976 also shows emission only from the nucleus. Two points of midinfrared emission are visible in the image of the elliptical NGC 5846; one belongs to the galaxy itself, while the other belongs to a nearby (apparently interacting) elliptical galaxy, NGC 5846A. Only two S0 galaxies, NGC 4710 and NGC 5866, show any major structures outside of their nuclei. Both have extended, edge-on disks. However, since these galaxies are edge-on, they may not have been classified correctly and may be early-type spiral galaxies. Because S0 and elliptical galaxies are gas-poor, they should neither have much ongoing star formation activity to heat very small grains nor contain many PAHs to produce PAH emission, particularly in the disks. This is clearly what these images show.
S0/Sa-Sab Galaxies
As with the S0 galaxies, most of the mid-infrared emission in S0/Sa, Sa, and Sab galaxies comes from the galaxies' nuclei. In some cases, such as NGC 5101 and NGC 4725, the nucleus is the only source of mid-infrared emission. In all other cases the galaxies show some extended emission. Two galaxies, NGC 6340 and NGC 5701, have small knots of emission outside the nuclei. NGC 3898 has a diffuse disk of mid-infrared emission. NGC 5566 exhibits 12 lm arm fragments. NGC 4826, an unusual galaxy with a counterrotating disk of gas and a leading spiral arm (Braun, Walterbos, & Kennicutt 1992) , has a bright arm extending north from the nucleus. Some of these galaxies, however, have ringlike structures. In NGC 1512 and NGC 4314, these ring structures are close to the nucleus, within the inner Lindblad resonances of the galaxies' primary bars. In NGC 4274 and NGC 4448, these rings are located outside the outer Lindblad resonances.
Despite the presence of extended structures in early-type galaxies, the nuclei of early-type spiral galaxies are the dominant sources of infrared emission. This is likely to be the consequence of the central concentration of molecular gas in early-type galaxies. Young et al. (1995) found that the isophotal diameter of molecular gas in early-type galaxies is significantly smaller than the optical diameter, indicating that molecular gas is concentrated near the centers of earlytype galaxies. The dust, which follows the gas, will also be centrally concentrated.
We find rings of infrared emission only in early-type galaxies, with NGC 5746, a nearly edge-on Sb galaxy, as the latest type galaxy with a dust ring. The galaxies are barred in all cases in which we find 12 lm rings except NGC 5746, although NGC 5746, which has a peanut-shaped nucleus, may also be a barred galaxy (Kuijken & Merrifield 1995) . This suggests that the bars are responsible for producing the rings, which are only stable in early-type spiral galaxies.
Sb-Scd Galaxies
In contrast with early-type spiral galaxies, infrared emission is much more prominent in the disks of late-type galaxies. In many cases, the 12 lm structures follow the spiral structure of the galaxies, which suggests that the spiral arms may be triggering star formation activity that heats the dust. The shapes of the 12 lm structures along the spiral arms can be continuous, fragmentary, or knotted. Galaxies such as NGC 289, NGC 5005, and NGC 5054 exhibit smooth, continuous mid-infrared emission along the spiral arms. Other galaxies, such as NGC 4088, NGC 4096, NGC 4605, and NGC 6015, have very knotted 12 lm structures. Most galaxies, however, have emission structures that are a combination of knots and spiral arm fragments. The major exceptions are NGC 4136 and NGC 5334, where no structure was detected.
The fact that the disks of late-type spiral galaxies are so much more prominent at 12 lm than those of early-type spi- The left panel is the K-band image (except for this galaxy and three others, where no K-band data are available and a second-generation red image from the STScI Digitized Sky Survey has been substituted), and the right panel is the 12 lm ISOCAM image. Each box is 150 00 Â 150 00 . North is up and east is to the left in each image. In each K-band image, the overlay shows the approximate location, orientation, and angular coverage of the ISOPHOT C100 array. The morphological classification in the captions for each image is from RC3. ral galaxies may be related to the spatial distribution of the molecular gas. Young et al. (1995) found that, in contrast to early-type spiral galaxies, the isophotal diameters of molecular gas in late-type spiral galaxies were comparable to the galaxies' optical diameter. Furthermore, Young & Knezek (1989) found that the overall surface density of late-type spiral galaxies is higher than for early-type spiral galaxies. This means that the disks of late-type galaxies contain relatively more gas. Dust, which is associated with molecular gas, will therefore follow similar trends with morphology. Furthermore, because star formation is related to gas density (Kennicutt 1989) , the increased density in molecular gas allows for star formation to occur more strongly in the disks of late-type spiral galaxies, which leads to enhanced mid-infrared emission.
Even though the disks of late-type spiral galaxies produce significant mid-infrared emission, the nuclei are still the strongest sources of mid-infrared emission in most of these galaxies. However, in a few cases, nuclear mid-infrared activity is suppressed relative to the disk's activity. NGC 4414, NGC 4605, NGC 5364, NGC 5371, NGC 5985, and NGC 6503 all have weak nuclear mid-infrared activity but strong mid-infrared activity in the disk. In these cases, several possible mechanisms could be inhibiting nuclear star formation activity. For example, there may be no dynamical mechanism, such as an interaction or a bar, for funneling gas and dust to the nucleus. Such an exigency would be plausible for galaxies that are known to be isolated SA galaxies such as NGC 6503 (Karachentsev & Sharina 1997) . It is also possible that a previous burst of nuclear star formation activity could have either consumed or blown out the interstellar medium from the nucleus. This would be consistent with the holelike appearance of the 12 lm emission and the CO millimeter line emission in NGC 4414 (Sakamoto 1996) .
Aside from cases in which nuclear activity is suppressed, some late-type spiral galaxies not only have nuclear midinfrared sources but also display sources of emission outside their nuclei with 12 lm brightnesses equal to or brighter than those of their nuclei. The best examples of this are NGC 3556 and NGC 5676. In NGC 3556, a string of 12 lm sources lies along a line through the galaxy's center, but a knot to the north of the galaxy's center produces the brightest mid-infrared emission. In NGC 5676, a series of knots north of the galaxy's nucleus produces the brightest midinfrared emission in the galaxy. These regions are clearly locations where star formation has been enhanced.
Strong bars in late-type spiral galaxies naturally affect the distribution of star formation structures. In several galaxies, the mid-infrared emission is enhanced at one or both ends of the bar, as in NGC 5792, NGC 6217, and NGC 6221. This is caused by the bar torquing material out to the ends of the bar, where the gas density is dramatically increased and star formation is enhanced. In other cases, however, the mid-infrared structures look like a string of knots along the bar, as in NGC 3359 and NGC 3556. None of the weakly barred galaxies have strong lobes at the ends of their bars, so it is possible that the bars in galaxies with lobes exert stronger forces on the interstellar medium than the bars without lobes. This would allow for the formation of a stellar bar structure without forcing gas either inward to the nucleus or outward to the ends of the bar.
Even though many of these galaxies have well-defined spiral structures, a few of these galaxies look amorphous and chaotic. NGC 4559, NGC 5112, NGC 5364, NGC 5474, and NGC 5713 all have particularly amorphous, antisymmetric appearances compared to other galaxies with similar Hubble types.
Sd-Sm Galaxies
For very late-type galaxies, the 12 lm structures become very diffuse and disorganized. The nucleus is still the strongest site of mid-infrared emission in some galaxies, as in NGC 1569 (which is actually an irregular galaxy), NGC 4395, NGC 4618, NGC 4631, and NGC 5585. However, even in these galaxies, nuclear mid-infrared emission is only a minor fraction of the total mid-infrared flux. The midinfrared sources appear to be distributed randomly, although they tend to be clustered around the galaxies' nuclei. The 12 lm regions themselves look knotted instead of filamentary. NGC 4631, an edge-on spiral galaxy, is an exception. It has a very bright, relatively uniform 12 lm disk and a possible toroid structure. NGC 55, NGC 4236, and NGC 4395 are all much larger than 10 0 , so in the 12 lm maps we only see faint, diffuse structures near the centers of these galaxies. Given that these galaxies have poorly organized dynamics and stellar structures, the irregularity in the appearance of mid-infrared emission is not surprising. A few of these objects, such as NGC 1569, NGC 4618, and NGC 4631, even appear to have been gravitationally disturbed. Apparently, gravitational interaction not only leads to distortion of stellar structures within galaxies but can also trigger simultaneous cloud collapse and star formation throughout the galaxies' disks.
SPATIAL DISTRIBUTION OF INFRARED FLUX
After a qualitative description of the spatial distribution of mid-infrared flux, we now examine quantitatively the ratio of nuclear to total infrared emission in the atlas galaxies. We compare the two flux ratios Rð12 lmÞ ¼ f 12 ð15 00 Þ f 12 ð135 00 Þ ð16Þ
and R(60 lm) (eq. [14]). Since these ratios are dependent on the angular sizes of the galaxies, we limit the analysis to galaxies with 1:5 < log D 25 < 1:9.
Figures 81 and 82 show the distributions of log Rð12 lmÞ and log Rð60 lmÞ for the atlas galaxies that fall within this size range and that were detected at the respective wavelength within 135 00 . [Objects where the central source was detected but where the 135 00 measurement was dominated by noise were excluded from the analysis of the R(12 lm) parameter.] Table 13 summarizes Gaussian statistics for these data as a function of Hubble type. A trend with Hubble type is clear for both the 12 and 60 lm emission. At both wavelengths the integrated disk emission dominates the total emission for all morphological types, and the disk emission becomes increasingly dominant going from earlier to later types. This trend is statistically more significant at 12 lm than at 60 lm, probably because the 15 00 aperture at 12 lm is more effective at isolating nuclear emission. These data demonstrate that disk emission becomes increasingly dominant going from earlier to later Hubble types.
CONCLUSIONS
We have presented an atlas of infrared images and photometry for an optically selected, magnitude-limited sample of spiral galaxies. The infrared data span the spectral region from 1.25 to 180 lm.
A comparison of the ISO pointed observations with IRAS data showed that, for ISO apertures of 135 00 , the ISO and IRAS FSC measurements agree for 50%-60% of the galaxies. IRAS sometimes undersamples large galaxies at 60 lm, and there can be incomplete background subtraction for small galaxies at 100 lm, so that FSC flux densities and flux ratios can have systematic errors for nearby galaxies. However, for the majority of these galaxies the ISO and IRAS FSC data agree.
A review of the 12 lm morphological features revealed that in early-type galaxies the nuclei are almost always the strongest sites of mid-infrared emission. The disks of earlytype spirals generally did not contain any major 12 lm structures, with the exception of uniform rings formed at either the inner Lindblad resonance or the ends of the primary bars in some of the barred galaxies. Late-type spirals, however, almost always contain extended mid-infrared emission in addition to strong emission from the nuclei. Structures in the form of either knots or arm fragments follow the spiral arms. In a few exceptional late-type spirals nuclear activity appeared to be suppressed, and the disk contained the strongest 12 lm sources in the galaxy.
Quantitatively, the disk emission dominates nuclear emission in the atlas galaxies at 12 lm and contributes a Fig. 81. -Plot of the mid-infrared spatial extent indicator log Rð12 lmÞ for various subgroups of galaxies where 1:5 < log D 25 < 1:9. A large R indicates more centrally concentrated mid-infrared emission, and a small value indicates more extended mid-infrared emission. Note that the general trend shows that the regions producing mid-infrared emission in late-type galaxies are more extended than in early-type galaxies.
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ISO ATLAS OF BRIGHT SPIRAL GALAXIES Fig. 82. -Plot of the mid-infrared spatial extent indicator log Rð60 lmÞ for various subgroups of galaxies where 1:5 < log D 25 < 1:9. A large R indicates more centrally concentrated far-infrared emission, and a small value indicates more extended far-infrared emission. Note that the general trend shows that the regions producing far-infrared emission in late-type galaxies are more extended than in early-type galaxies, although the trend is not as clear as it is at 12 lm.
